Hydraulic support is an indispensable equipment for coal mining face. To detect the position and posture of the hydraulic support and automatically control its straightness at the mining working face, we developed a device based on the principle that three noncolinear points determine a plane and proposed a novel method using it. First, the sensor parameters in the device were experimentally calibrated. Second, the accuracy of the device was evaluated in the single point detection experiment by measuring the position of the nine datum points. Through actual testing, our detection accuracy can reach 24.82mm. Third, our method was validated in the experiment of the plane detection. Finally, the detection device was installed on the hydraulic support mode. The change of the position and posture of the canopy in the movement of the hydraulic support lifting leg, realized the detection of position and posture of the adjacent hydraulic support, and the feasibility of the detection method was verified. Our research on the position and posture detection of the hydraulic support can lay an important theoretical foundation for the automatic control of the straightness of mining working face and the surveillance of the dangerous posture of the hydraulic support. Furthermore, it can provide a novel monitoring approach for preventing collapse of hydraulic supports under complex geological conditions such as large dip angles and large mining heights.
distribution, as shown in Fig. 1-b to 1-f. With existing technology, the operator is unable to obtain the real working state and posture of the whole hydraulic support, or reveal the time-coordinate relationship between the hydraulic support and the dynamic change process of the base and the canopy posture. Conventionally the hydraulic support positioning is usually adjusted by pulling the rope on mining working face manually or by infrared beam, such a method does not meet the requirements for automation of the fully mechanized mining face, nor does it guarantee accuracy, which greatly affects the mining efficiency and the safety of the coal mine.
B. RELATED WORKS
In attempts to automate the fully mechanized mining face, the coal mining machine positioning problem was solved by the geographic information system and the inertial navigation technology [4] . In 2016, Luo and Fan et al proposed a shearer wireless positioning method under the conditions of inaccurate anchor nodes, evaluated the accuracy of the shearing machine positioning and performed a comprehensive experiment of node configuration by using the memory cutting technology [5] . Mining working face is required to maintain a certain straightness and realize the automation and intelligent control of the hydraulic support in order to ensure the normal walking of the shearer in the long wall mining process [6] , [7] . In 2017, Hao and Wang et al constructed the track geometry measurement model of the scraper conveyor according to the position of the shearer, They proposed the method of measuring the straightness of the scraper conveyor using the inertial measurement unit and the axial encoder, and tested the measurement using the longwall mining surface model [8] . The above research provided theoretical guidance and technical support for the positioning monitoring of coal mining face equipment and the straightening of mining working face, which lays a foundation for the automatic control of mining working face.
Considering the complex and uncertain environment of coal mines, automation equipments need to cope with various uncertain situations. With the development of automation technology, there are two main methods for detecting and controlling the straightness of mining working face. One is to control the straightness of mining working face by controlling the straightness of the scraper conveyor, and the other is to maintain the straight line of mining working face by controlling the position, posture, and straightness of the hydraulic support. In 2017, Wang, Wang, and Xu et al proposed a method for measuring the movement distance of hydraulic support based on machine vision in view of the inaccurate and unreliable measurement. Good measurement results were obtained during the experimental phase [9] . In 2018, Meng and Zeng et al analyzed the main factors of the failure of the hydraulic support by establishing a mathematical model of the bearing capacity of the hydraulic support under various load conditions, and proposed an optimization method of the support structure [10] . This study lays a theoretical foundation for the analysis of stent posture and the prevention of instability of the stent. In 2018, Meng and Zeng et al developed a posture controller based on electromechanicalliquid coordination technology to accurately monitor and control the posture of the hydraulic support [11] . In 2018, Liang and Fang et al proposed an error compensation method for tilt detection, and designed a fiber Bragg grating tilt sensor to monitoring the posture of the hydraulic support online [12] . In 2019, Xie, Jia, and Wang et al developed a postureaware method for a hydraulic support group in a virtual reality environment by installing a tilt sensor on the base, front, rear link or canopy to obtain data. By comparing the predicted data with the actual data, the mining working status of the hydraulic support can be obtained [13] .
Although the above related theories have been verified experimentally, most of these methods are difficult to be applied to the coal mining face due to the harsh working environment. There is much dust and low visibility in coal mines, many new types of equipment can not be used in mines. The positioning method based on the shearer or scraper conveyor can reflect the straightness of the mining working face, but it cannot reflect the status of the hydraulic support and further reveal the working condition of the hydraulic support group. Moreover, most of the above methods are only addressing either the working state of the equipment or the straightness of mining working face, but do not integrate both factors together.
The first step to improve the automation level of mining working face is still to determine the relative position and posture of the hydraulic support. This will prevent the support from acquiring dangerous postures such rolling and twisting, and in turn establish the basis of the automatic control of the straightness of mining working face.
C. MOTIVATION FOR OUR WORK
In this paper, a method for detecting relative position and posture was proposed based on the idea that three points can determine a plane. First, the relative position and posture of two adjacent hydraulic supports was detected. The space six-degree-of-freedom detection can be extended to all hydraulic supports of mining working face. At present, the dynamic spatial position measurement method and the sixdegree-of-freedom posture detection are mostly used in the field of positioning with robot technology and numerical control machine tools [14] , [15] . The detection method proposed in this paper has rich and accurate mathematical expression of the relative position and posture of the hydraulic support, which can achieve the full pose analysis of the hydraulic support. At the same time, the position and posture detection method used in this paper is contact measurement, which has high reliability and can overcome the harsh environment of coal mines.
The research on relative position and posture detection lays a foundation for the analysis of the straightness of mining working face and the dangerous posture of the hydraulic support. The significance of the position and posture detection of the hydraulic support lies not only in the need for the straightness control of the hydraulic support, but also in the feedback of the status of the roof. It is a major technical breakthrough to improve the existing detection methods of the hydraulic support and the automation level of mining working face straightening. The progress in the development of the instability detection, the automatic prevention, and control technology of the hydraulic support during the mining process of large dip angle and large mining height coal seam has taken a solid step forward in China.
D. ORGANIZATION OF THIS PAPER
The remainder of this paper is organized as follows. In Section II, we described the principle of relative position and posture detection and established a mathematical model. In Section III, we conducted the design and development of the inspection system. In Section IV we selected and calibrated the sensor parameters. In Section V, we performed experimental measurements and evaluate the accuracy of the test. In Section VI, we came to the conclusion.
II. PRINCIPLE AND MATHEMATICAL MODEL OF DETECTION
There are movement actuators such as legs and equilibrium jacks in the hydraulic support, and their positions and postures will change with the needs of the support work [16] . The schematic diagram of the hydraulic support and relative position and posture detection device is shown in Fig. 2 . When establishing the relative pose detection model, the change of the posture of the hydraulic support itself is temporarily ignored, and the hydraulic support is abstracted into a plane in the space.
The basic principle of relative position and posture detection is shown in Fig. 3 . The two adjacent hydraulic supports were abstracted into two planes, which are defined as ''Reference hydraulic support plane'' and ''Pending detection hydraulic support plane''. The coordinate system o-xyz was fixed on the plane of the reference hydraulic support, and three fixed points P, A, and B were taken on the plane of the hydraulic support to be tested, and the coordinate values of the three points in the coordinate system o-xyz were measured. The principle of determining the plane from three points obtains the position and posture of the plane to be measured in the coordinate system o-xyz. In practical applications, the relative position and posture detection device is mounted on the canopy of the hydraulic support (the canopy is abstracted into a plane), and the relative posture of the canopy is detected to further analyze the relative posture of the hydraulic support.
The key to the above method is how to obtain the coordinates of the three points P, A and B in the coordinate system o-xyz. In this paper, we present a method combining direction angle and vector length to obtain the coordinates of the point. The principle of spatial point coordinate detection is shown in Fig. 4 . Taking the coordinates of point P as an example, it is assumed that there is a point P at any position in the space (in practical application of the hydraulic support relative position and posture detection device, this point only appears on the side of the x-o-y plane where the positive z-axis is pointing), − → oP can be obtained in the coordinate system o-xyz. The angle between the projection of the − → oP in the y-o-z plane and the positive direction of the z-axis was defined as θ, and the angle between the projection of the − → oP in the x-o-z plane where x p , y p , and z p are the coordinates of point P, and l is the distance of − → oP. According to the above principle, the coordinates of any point in the space can be obtained. The coordinates of three points can be acquired by obtaining a different θ and ϕ three times, a plane can be determined. The comparison between the principle diagram of the relative plane in theory and in practice is shown in Fig. 5 . In the space, there were two planes of relative motion S 0 and S 1 . First, the coordinate system o-xyz was established on the S 0 , and points P, A, and B were selected on S 1 , based on the above-mentioned spatial point detection principle. The three variables θ, ϕ, and l corresponding to the vectors − → oP, − → oA, and − → oB were measured respectively, and the coordinates of the three points P, A, and B can be calculated. The coordinates of the position and posture of the motion plane S 1 under the coordinate system o-xyz can be determined from the coordinates of the three points, and the relative position and posture of the two moving objects in the space can also be determined.
The angle sensor used in this experiment can not measure three different directions at the same point at the same time. It is necessary to measure three points with three angle sensors. Three angle sensors at o 1 , o 2 , and o 3 can be arranged and the coordinates of the points P, A, and B can be measured in the coordinate system with o 1 , o 2 , and o 3 as the origin according to each coordinate system and the fixed coordinate system o-xyz. The position and posture relationship will transform the measured coordinate values to a fixed coordinate system o-xyz.
Referring to Fig. 5 , the coordinates of the points P, A, B are calculated as follows:
− sin θ sin(arctan(1/cos θ 1 tan ϕ 1 )) cos θ sin(arctan(1/cos θ 1 tan ϕ 1 )) 
Based on the principle of combining the direction angle and the vector length to obtain the coordinates of the spatial point, the relative position and posture detecting device is built by the combination of the angle sensor and the displacement sensor in the experiment to realize the measurement and calculation of the above parameters, and the corresponding parameters of each measuring point as shown in Table 1 .
The single point detection experimental device is shown in Fig. 6 . Fig. 6 -a shows the combination of the angle sensor and the displacement sensor, which enables the detection of a point in space. Fig. 6 -b is a physical diagram of the displacement sensor. The free end of the cable of the displacement sensor can reach any position in the space within the constraint of the length of the rope. When the free end is fixed at a certain point in the space, the scroll spring inside the sensor can ensure that cable is completely tensioned, and the distance from the free end to the outlet is the measured distance. Fig. 6-d shows the physical map of the angle sensor. The direction in which the coordinate axes of the coordinate system o-xyz point was marked: the z-axis was perpendicular to the angle sensor mounting plane and points to the direction of the point to be measured; the y-axis was vertically upward; and the x-axis orientation was determined based on the righthand rule. This way to establish the coordinate system was used consistently throughout the experiments below.
III. DESIGN AND DEVELOPMENT OF DETECTION SYSTEMS
The sensor signal acquisition module designed in this paper is shown in Fig. 7 . In this module, the minimum system board produced by a third-party manufacturer was selected [17] . The MCU used was STM32F407ZGT6 produced by ARM [18] - [20] . The module was externally connected with 12V DC power supply, 3 displacement sensors and 3 angle sensors. The CH340 chip was used to communicate with the PC. The LCD displayed the current collected data in real time and reported the current working status of the system. Signal acquisition and transmission system connection diagram is shown in Fig. 8 . In the experimental stage, the sensor is powered by a 12V external DC power supply after voltage reduction; when it is later extended to the mining working face, a dedicated power module can be used to power the sensor alone.
The signal acquisition and data processing flow chart are shown in Fig. 9 . The system sequentially collects the data of the displacement sensors and the angle sensors, and sends data to the PC through the serial port, and continuously refreshes the contents of the LCD screen during the transmission. Data transmission uses DMA channel, enabling highspeed sampling [21] . In MATLAB, the relevant parameters of the sensor are preset, and the acquired sensor data is substituted into the mathematical model of the spatial point coordinate solution, and the coordinate values of the points P, A, and B in the respective coordinate systems can be obtained.
The angle limit of the angle sensor used in the experiment was ±25 • , and the accuracy of the sensor was calculated as 0.195 • . The experiment in this paper is based on single-point coordinates, and the procedure for coordinate transformation is not directly involved in the previous experiment.
IV. SENSOR PARAMETER SELECTION AND CALIBRATION A. DISPLACEMENT SENSOR UNIT PULSE LENGTH CALIBRATION EXPERIMENT
The displacement sensor used in this paper converts the displacement signal of the cable into a digital pulse through an incremental encoder. The length of the cable corresponding to the single pulse of the sensor was experimentally determined. The displacement sensor selected for the experiment has a The displacement sensor unit pulse corresponding length test experiment is shown in Fig. 10 . In this experiment, the cable was pulled to the length of 100mm, 200mm, 300mm, 400mm, 500mm, and the number of pulses was recorded. The process was repeated 40 times in each group to eliminate experimental error, and the measurement results are shown in Fig. 10 -a. The residual values in the sampling process are recorded simultaneously in Fig. 10 -a. The mean of the number of pulses in each set of experiments were taken and a linear fit of the origin was performed to obtain the regression line of y = 52.83x, as shown in Fig. 10 -b.
The analysis shows that the 40 sets of experimental results with the same elongation have high repeatability. Each extension of the pull cord is 1 mm, which corresponds to about 52.83 pulses, that is, the length of the corresponding pulse of the unit pulse is approximately 0.0189 mm. This parameter will be applied in mathematical models for solving spatial point coordinates. In addition, it should be noted that the three displacement sensors were shared in the experiment, and the parameter calibration methods for the other two sensors were the same as described. Since the displacement sensors used in the experiments were all produced by the same manufacturer, the respective values were almost equal by experiments.
B. ANGLE SENSOR NUMERICAL STABILITY EXPERIMENT
The angle sensor used in this paper uses a potentiometer to represent different position values in the mechanical structure as voltage signals. It converts and calculates the required angle values through the ADC. This experiment aims to collect the coordinates of a set of angle sensors and the cable to solve the space point in a relatively static state. The data scatter plot of the angle sensor in the static state is shown in Fig. 11 .
The analysis shows that there is numerical fluctuation in the sampling process. While the fluctuation of the z-axis value is relatively small, the fluctuation of the x-axis coordinate and the y-axis coordinate is relatively large. The fluctuation degree of the x-axis and the y-axis are close.
The z-axis direction is the direction to which the displacement sensor is connected, the value of the z-axis characterizes the length of the vector. The x-axis and y-axis directions are the directions connecting the angle sensors, the x-axis and yaxis characterize the direction angle of the vector. Therefore, if the same amount of change occurs, the z-axis fluctuation has a small effect, while the x-axis and y-axis values fluctuate greatly, the fluctuation trends are similar.
In order to determine the influence of numerical fluctuation on the detection accuracy, the numerical stability experiment of the angle sensor was carried out. In this experiment, one angle sensor and one displacement sensor were respectively fixed on two planes, and the two planes remained relatively static. The experimental device is shown in Fig. 6 -a. The relative coordinates of the point P of the displacement sensor outlet were collected and calculated multiple times. The single-point position fixed multiple sampling experiment results are shown in Fig. 12. Fig. 12 -a shows the results of a linear fit of 40 samples and Fig. 12-b shows the residuals for each sample.
Experiment shows that if a sufficient number of acquisitions are performed, when the slope is close enough to 0. And the regression curve can be considered to be a horizontal straight line, therefore the intercept can be determined as the coordinate value. However, within meeting the accuracy requirements, the sampling frequency should be reduced as much as possible to improve the response speed of the detecting device to the pose change. If the accuracy requirement is only within the mm level, the regression line intercept obtained from 20 samples is accurate enough to be taken as the coordinate of the point. If further accuracy is required, the sampling size can always be increased.
C. CALIBRATION TEST OF ANGLE SENSOR
The detection device designed in this paper requires a total of three angle sensors, and each angle sensor has two potentiometers. Due to the installation error of the potentiometer and the limitation of manufacturing precision, it is necessary to correct the 6 potentiometers.
All potentiometers on the three sensors are numbered 1-6. The maximum and minimum values of the potentiometer signal was measured. Then the laser level was used to ensure that the angle sensor was placed in the neutral position. The angle sensor is placed at the position of the ''z-axis'' shown in Fig. 6 -a, and the potential at this time was collected. The value of the device was recorded as the median value. At the time of sampling, each group was subjected to 1000 experiments to ensure the accuracy of the values, and the final value was obtained by taking the mean value. The experimental results are shown in Table 2 .
The experimental result shows that the value of the angle sensor always has certain fluctuations during sampling, which is caused by the hardware circuit itself. Multiple sampling was performed without changing the resolution and sensitivity of the ADC. The maximum value of each potentiometer was basically stable at 114, the minimum value was 6.5, the median value was about 60, and the variance of each group of data was less than 0.5.
The sensor was calibrated based on the above data and the angle of the sensor was converted to the θ and ϕ values in the mathematical model. The angle sensor's limit deflection angle selected by the experiment was −25 • to +25 • . Taking the value of θ as an example, if the angle sensor produces the value V , the following relationship can be derived:
where: V max is the maximum value of the sensor, V min is the minimum value of the sensor, V middle is the value when the sensor is in the middle position, and V is the current angle value of the sensor. In addition, ϕ and θ are only different in the yaw axis in the model, and the numerical values are calculated as above.
Since the values of ϕ and θ in the model pass the sign to indicate the direction of deflection, the direction is determined by the magnitude relationship between the current value V and the median value V middle . In the ideal state, the relationship between V max , V min , and V middle is as shown in Equation (6). However, due to manufacturing and assembly errors, when the angle sensor is in the mechanical neutral position, it is difficult to ensure that the corresponding potentiometer value V middle is exactly the median value of V min and V max . Although the above calculation method sacrifices the uniformity of resolution in different directions, it also ensures the overall accuracy to a certain extent.
V. EXPERIMENTAL STUDY OF THE DETECTION SYSTEM A. EXPERIMENT OF SINGLE POINT DETECTION
The relative position and posture detection device designed in this paper is composed of three angle sensors and three displacement sensors. Each angle sensor was used with one displacement sensor. Therefore, in order to evaluate the accuracy of the measuring device, a single point detection experiment was designed, the accuracy of detecting a single point when one angle sensor was used together with one displacement sensor was determined.
In this experiment, an angle sensor was fixed on the reference plane, and a displacement sensor was sequentially installed in different points on the plane to be tested. The single point detection experimental device is shown in Fig. 6 . In Fig. 6 -a, the geometric center of the angle sensor is the location of the coordinate origin O. The direction pointed by the coordinate axes of the coordinate system O-xyz is also marked in Fig. 6 -a. 9 reference points are marked on the plane to be tested, and the displacement sensors were sequentially mounted in the order of 9 reference points, and the relative positions of the reference points are as shown in Fig. 6 -c. The test bench was built on the optical platform, and the positioning accuracy of the mounting hole was high, so the coordinates of each reference point were relatively accurate on the plane to be tested. Data in this experiment were acquired from an angle sensor and a displacement sensor through a signal acquisition device. The single point detection experiment process is shown in Fig. 13 . In this experiment, 100 sets of experiments are performed for each reference point, and the coordinates of each measurement point are calculated in MATLAB.
The plane projection of the single point experiment results is shown in Fig. 14. Experiment shows that in the o-x-y plane, each measurement point is basically around the datum point, and the measurement point is projected on the o-x-y plane along the positive z-axis as shown in Fig. 14-a; on the o-x-z plane, the data is basically concentrated on the reference of 400 mm. Near the line, the measurement point is projected on the o-x-z plane as shown in Fig. 14-b , and the data acquisition effect is good. The x, y, and z coordinate values of the measurement points generated when each datum point was measured were taken as the measured value of the datum point, and the distance between the measured value and the datum point was calculated. The single point measurement result is shown in Table 3 . It can be seen from Table 3 that between each measured value and its datum point, the point with the largest distance is point 4, the distance is 24.28 mm; the point with the smallest distance is point 5, the distance is 5.93 mm.
Considering the actual working environment of the hydraulic support in the coal mine and the size of the hydraulic support, the pose detection device designed in this paper basically meets the measurement requirements.
B. THREE-POINT DETECTION EXPERIMENT ON THE PLANE
Only a relative position of a point on the plane can be obtained by a single point experiment. Therefore, in order to further obtain the relative position and posture, a three-point detection on the plane test is required. The experimental device for three-point detection on the plane is shown in Fig. 15 . Since the angle sensor changes angle during installation, to keep with the parameters in the previous experiment, the direction of each coordinate axis of the coordinate system was adjusted. The adjustment does not affect the result.
In this experiment, the three angle sensors were fixed on the same reference plane. And the geometric center points of the respective angle sensors were the positions of the origins of the respective coordinate systems, which were respectively recorded as O1, O2, and O3. Based on the detection principle described above, a fixed coordinate system O1-x-y-z was established at the position where O1 was located, and coordinates of points O2 and O3 in the coordinate system O1x-y-z were determined. 3 displacement sensors were installed on the plane to be tested, and the outlets of the cable were respectively recorded as P, A, and B. The test bench was built on the optical platform, and the positioning of the mounting hole was precise. At the same time, the optical level was used to position each component before installation to ensure the relative position of each point was accurate. The basic dimensions of the test bench are shown in Table 4 . The experiment collected signals through a signal acquisition device. A total of 20 sets of measurements were performed in this experiment, and the data is processed in MATLAB and real-time 3D images were drawn. At the same time, the coordinates of the points P, A, and B in the space were calculated, a set of data was obtained for each acquisition, and the coordinates of the point calculated were connected with the origin, and the analysis processing of the data is as shown in Fig. 16 . The origin shown in Fig. 16 is the point O1 on the experimental setup.
Preliminary observation of the plane formed by the three points P, A, and B shown in the three-dimensional map was basically consistent with the position and posture of the actual plane to be measured. In order to obtain more accurate position and posture information, the coordinates of each mean point were determined by means of multiple sampling and averaging. The analysis results are shown in Fig. 16 -a and Fig. 16-b . The position of O1 was taken as the origin of the fixed coordinate system, and the coordinate system O1-xyz is shown in Fig. 15 . The two points O2 and O3 were measured in the coordinate system O1. The coordinates measured in the O2 and O3 coordinate systems was converted to the coordinate system O1-xyz. Fig. 16 -a and Fig. 16-b shows the projection of each sample point on the O1-x-y plane and the O1-z-y plane. The graph also shows the coordinate mean of the 20 experimental sampling points and the origin position of the coordinate system where the three angle sensors are located. After experimental measurement, the point P, A, and B mounted on the optical platform were located on a vertical plane, which was perpendicular to the z-axis and has a distance of about 420 mm from the point O1. The projections of the point P, A and B on the O1-x-y plane were analyzed. The point A and B are in a horizontal line segment with a distance of 200mm. The point P, A, and B were isosceles triangles, and point P is the apex. The distance between the two points A and B was 100mm. Analysis of the coordinates of each mean point can be concluded that the three-point coordinates detected by the sensor basically conform to the above-mentioned positional features, and the errors are mainly caused by numerical fluctuations and sensor installation errors during the experiment. 
C. RELATIVE POSITION AND POSTURE DETECTION EXPERIMENT OF HYDRAULIC SUPPORT CANOPY
In order to detect the relative position and posture of the hydraulic support, the canopy is used as the object to be tested, The detecting device is installed at the lower end of the canopy of the adjacent two hydraulic supports, The purpose is to detect the change of the posture of the canopy when the hydraulic support lifting leg. The hydraulic support relative position and posture detection test bench is shown in Fig. 17 . At the time of installation, three angle sensors are a group and are installed on the hydraulic support No. 1, and three displacement sensors are a group and are installed on the hydraulic support No. 2. The fixed bracket of the angle sensor is installed at the geometric center of the canopy of the hydraulic support No. 1, and the fixed bracket of the displacement sensor is installed at the geometric center of the canopy of the hydraulic support No. 2. Fig. 17 -a shows the entire experimental system, including: hydraulic support model and its control system, relative position and posture of the detection sensor and signal acquisition module, PC and so on. Among them, the hydraulic support model is a simplified model based on the 8.8 m extra-large height hydraulic support. The support can lift the leg, expand and contract the equilibrium jack, and move the cylinder forward and backward. In order to ensure the installation accuracy during the installation process, the laser level was used for positioning and reducing the influence of the installation angle error on the experimental results. Before the start of the experiment, each hydraulic support was in contact with the top plate and located at the maximum support height. Two hydraulic supports No. 1 and No. 2 were selected as the reference hydraulic support and the hydraulic support to be tested and the posture detecting device is installed.
During the experiment, the height of the leg was gradually reduced from the top position of the hydraulic support, and the x-axis coordinate changes of the points to be measured during the descending process of the leg were collected. The change of each point to be measured as it descends with the leg is shown in Fig. 18 . As the leg was lowered, the detected x-axis coordinate values of each point were continuously reduced, which was in line with the action flow of the hydraulic support. At the same time, the x-axis coordinate value of point A was close to the x-axis coordinate value of point B, but as the leg was lowered, the coordinate value of point A was higher than the coordinate value of point B, and the difference between the two points increased. The reason was during the experiment, only the leg of the hydraulic support was lowered, and the length of the equilibrium jack was not adjusted. Therefore, the canopy will have two kinds of movements: the downward translation and the rotation of the hinge point around the link. The front end of the canopy was inclined downward, and the inclination angle was getting larger and larger as the leg was lowered, the x-axis coordinate value of point A will be smaller than point B, and the difference was increased. Further analysis showed that this phenomenon was more obvious after the hydraulic support leg was lowered by 50 mm from the top position.
The projection of the three-point line in the x-o-y plane during the descending of the leg is shown in Fig. 18-b . According to the analysis, the triangle drawn by the connection points of each projection point is closer to the triangle formed by the points P, A, and B in the space, and the triangle drawn by each group of experiments is nearly equal. However, the connection between point A and point B is no longer in a horizontal state. This indicates that the decline of the leg caused the canopy to fall and pitch, but at the same time the canopy also slightly twisted.
A line diagram of the y-coordinate value change of each point is shown in Fig. 19 . With the decline of the leg, the y-axis coordinate values of these three points all show a decrease first, then remains stable and has a small up and down fluctuation trend. The movement trend of the three curves is more consistent. It can be found that the leg is not vertically supported upward, but has a certain inclination angle in the vertical direction. That is, relative to the hinge point on the base, the hinge point on the canopy is more inclined to the side of mining working face. As the leg is lowered, the angle of deflection is reduced, which causes the canopy to move backwards slightly, and the hydraulic support appears as a whole. The phenomenon from the small shift of the center of gravity is consistent with the experimental results.
During the experiment, the points P, A, and B are fixed to move together on the same plane, and the lines of each point in the space always form a right-angled triangle. The area of the right-angled triangle is constant, which is determined when the displacement sensors positions are placed. Therefore, we select 4 parameters to evaluate the sampling accuracy of each sampling point, namely: Distance from point A, B (100 mm), Distance from point P, A (70.7 mm), Distance from point P, B (70.7 mm), Area of the PAB (2500 mm 2 ). After screening, the points with large errors are eliminated to reduce the error caused by data fluctuation. After the remaining sufficient data is averaged, the parameters calculated by the mean values of each point are shown in Table 5 . The above parameters are calculated at each point. They generally meet the experimental requirements.
A line diagram of the z coordinate values of each point, is shown in Fig. 20 . Initially, the two points A and B coincide in the z-axis coordinate values, while the P-point value is slightly smaller, This indicates that the canopy plane has a very small angle of roll when the leg is topped, which is negligible; When the leg descends, the coordinate values of the three points are reduced, but the value of point B drops especially fast. And the difference between the two points A and B in the z-axis direction gradually increases, which indicates that the hydraulic support canopy appears twist. As the leg further descends, the difference between the two points of A and B gradually decreases. The value of the final point B changes from the value less than the point A to the value of the point A, which indicates that the torsion direction of the canopy has changed. The experimental data shows that the twist amplitude of the hydraulic support canopy is small, which is not enough to cause the support to bite each other. The reason for the twist is mainly due to the hinge clearance and structural manufacturing errors during the movement of the support itself.
D. RESULT AND DISCUSSION
In this paper, we discuss the use of angle sensors and displacement sensors to detect relative position and posture on hydraulic supports. In the experimental stage, we successfully used the detection device to detect the relative position and posture of the hydraulic support. The device can detect small posture change of the hydraulic support, and can satisfy the straightness control of the support and the perception of the dangerous posture of the support. In the experiment, the acquisition and transmission of the signal was completed in the field, and the real-time solution of the coordinates was completed on the PC. In the future, we could extend the relative position and posture detection device to the entire mining working face in this way, which helps to realize the overall monitoring of the hydraulic support on mining working face.
Traditional detection methods such as monitoring or machine vision are difficult to apply to the complex coal mine environment, and the reliability of the measurement results cannot be guaranteed. The detection method we use is contact measurement. The measurement result is highly reliable and can reflect the real working state of the hydraulic support.
The detection accuracy of this paper mainly depends on the accuracy of the sensors. The accuracy of the displacement sensor used is high, however, the basic principle of the angle sensor is to use the potentiometer and analog-todigital conversion circuit, the accuracy of angle sensor is not high. Therefore, the angle sensor can be replaced with an encoder, it will significantly improve the detection stability and detection accuracy.
In addition, the analysis and processing of the data mainly adopts the method of averaging, and the subsequent clustering method can be used to further analyze the relationship between the data.
VI. CONCLUSION
Based on the mathematical idea that three points can determine the plane, we propose a relative position and posture detection method and establishes a detection model. The detection device was developed and the sensors in the device were calibrated experimentally. The detection accuracy was carried out by the single point detection experiment. The test result shows that the accuracy can reach to 24.82 mm. Considering that the height of the hydraulic support is more than 4 m, the accuracy of the detection in this paper is far greater than the traditional manual drawing of the hydraulic support in mining working face, such as pulling the rope or infrared beam. It can basically meet the requirements. At the same time, the position and posture detection and analysis of the hydraulic support descending process were carried out. The result shows that the detection device can detect the relative position and posture of the hydraulic support.
The detection system developed in this paper, under the premise of fully satisfying the detecting requirements to ensure the safe production of coal mines, has a far lower cost than the existing technology. It can create huge economic benefits for the enterprise in the future. At the same time, the research of this paper is of great significance to progress the automatic control of the straightness of mining working face and the perception of the dangerous posture of the hydraulic support, the establishment of an effective method for detecting the instability of the hydraulic support and predicting the inverted frame, and the improvement of the automation and intelligent control level of mining working face. 
